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1020020081741 



#^ <H*}: 2003/4/22 



[AH#g] fSlfc! AH 

[1,^35] 0025 

[XIISSJXH 2002.12.20 

[^*||lf5^#|] H01L 

[sS2J §^S§!] Semiconductor device fabricating method for improving ; 

si I icon contact resistance 

[SH] £f£2A> ^^SIAI- 

[SSieJ^H] 1-1998-104271-3 

[ CH dl ei 3 H ] 9-1 998-000334-6 

1999-009556-9 

[□£I2J] 

[CH£I2J3H] 9-1998-000541-1 

[S^^ISe^eiS] 1999-009617-5 

S?S]|] CHUNG, Eun Ae 

[^SJe^SS] 741222-2684615 

[^^eiS] 442-470 

s^is ^ai mm=? swm 1041-11 404s 

[^3] KR 

S^S^I] LEE , Myoung Bum 

[^eie^eJS] 640417-1011815 
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1020020081741 



mm SXM 2003/4/22 



138-160 

MmmmM &w=?- ?\^m 95-1 gaomm 107-903 

[^3] KR 

[£S2| §^231] JIN.Beom Jun 

[^ei^^eiS] 710920-1344211 

137-040 

[^^] Ajg^^AI AiS^ SlSi 1-8 SyOiEU 8-1202 

[^3] KR 

X1I42S2I ^§011 21^ IS, Xil60i°1 7? 

01 9 g (oj) CHBieJ 
§^£J (oi) 

20 3 29,000 S! 

i^fcfias] os o si 

0 2 0 
[£iAh§^S] 20 S 749,000 S 

778,000 a 

[§¥AH#] 1. fi2fA|- 9A||Ai(SEB)_1S 
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1020020081741 QA- 2003/ '4/22 

ateH^-fc ^#*}*r ^ ojo^ *fl-ffe ^ #eizL# 

^^*f7] *H1 *fl2 £#«Kr 7j-i, oflStfl AsH 3 , PH 3 ^ 7j-^«- £ 

7f«S^^ ^^§- ^1^, ofl^ii (epitaxial) #*H*H=h 
£ 1 
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1020020081741 #^ ^^>: 2003/4/22 

3^*11r* 7fl^d^- ^ a>£^l ^^{Semiconductor device 

fabricating method for improving a silicon contact resistance} 

£ l£r ^-i- ^S>7l ^sfl ti>£^l 4ix>^ TEGCTest Element Group) 

£ 3-^ ^|1 ^aHU- ^^§>7] ^Sfl =±^H ^-^£o]4. 

100: lr^#^ *VE*]1 7l^r, 101: ^^(pre-flow region), 

110: *f|2 tK>^, 120: f^*!^, 

130: ^ 140: sfl^l . 

-SMI* £^1 

^ ^# ^#7i*^ 7 fl^ ^ ^5^1 ^7> ^^« 0 V^ofl ^Hcf. 
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1020020081741 #3 2003/4/22 

<io> Mr5E*fl ii^>7> Ji^^^- a>£^l ^27} 3*r^°J ^£ ^ 

S^ofl 4^ ^ (aspect ratio)* £fe *g^<>fl tfltb _2_^7} cfl^-5]j7 oi 

4. neiM- #^w]7V €-^*£r £5B I-b^b^C doped polysi 1 icon)4 ^ £.21 

#°1tt 7l^£r ^>^1 ^ 7^ tfl#*l ^A*V 51^1* £fe 

p £3E.*| 71^1 TflolB jfj^-fi. ^^J-Jl, -3-71 Tfl °1 H 3fl€ ^>£^1 7^ 

4i^.^/=ell9j nl <3^-§- ^§ W^f. zl * , -£ 7 1 «V£^1 7^ 

f^^^M: ^*r±L, ^71 n ^ ^#^1 71 ^ ^ 

^V4. T^l^^i ^71 ^i»^g; *fl-?-fe ^ #^ZL( CO ntact plug)* £5.B l-el^e^ 
* ^r-§-*r<*l rtrSf^ ^ altsfl 7^ s^s] 

1- <3^°J ^£l^/B.z]}<& ^034 ^-71 §e-lzi ^-o] ^s. ^l7l^ o.S. 

<12> olnfl 4i^.i/£Le11<y ^4 *eiZL^ ^#71^ ^o) 7 ] ^fl *}«-0) ^^.^/ 

a r Si 1 }. °H cfltr 4d3M^°l ul^-^ US 5,534,4603l(Title: Optimized 
contact plug process, date: Jul. 9, 1996H1 7flAl:EH ^uf. ^7) vfl-f 
^^SLZ. ^ ^Hf^^ T^^^g- *Mtr ^-71 ^-^1- ££B # 
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1020020081741 #^ 2003/4/22 

I^SJ ^ ^ *)-.§-] 

<14> # 7 1 ^^r>7l ^ ^ £ ^ ^ ^ ^ofl 

^ sK>#* H-S^tf. ^"71 ^12 SKtf^l ^£^1 ^ #*fl # 

^171^ ^^*Vcf. #7l #^1-^1 *g^€ <&J£*ll 7l^ofl *fl2 lr£#^ 

<15> -g- ^"^^ ti>B]-^*V ^Al^o]] S^S>^, #71 *)U 1-^1-^^ P^^l ?iH ^^>J1, 

#71 a(|2 l-^#^^r N^«?l , #71 *fl2 Ir^l"^ i^Kr 7>^ 

AsH 3 ^ PH 3 *Kr^4 7>^<y ?H 2l^>cl-. st!-, wj-^-^*V 

^HH ^1*>^, #7l £EH ^el^sl^o.S °1 (phosphorus) ^ ^ldi 

(Arsenic)^ 3]2 €i7> 51^ s^^l ^°1 ^5}4. 

<16> tiV^^^l-Tim, #71 A\2 1-^^ ^it if^Rr 7^# *Sl^ ^ ^ #7} ^Uj 

1-EiZL!- ^*Kr til^^l ^lS^til^ ^ ^ In-si t\l)£- 

tt 3J°1 ^W. 2E*V tf>^ Tll^r, #71 AsH 3 SE^r PH 3 7>i# *Bl^ 
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400-800 1C £-£>1H. 6 X 10~ 2 - 6 X 10~ 4 torr^ ^°.3-, 30-180 ^ 

<17> #7l 7l#^ -4X11- ^*>7l ^^V ^Tgol] ^ 

7fl^«" ^ i&E*fl i^} S^U^-. Till «>5LXl 71^1 Xl2 1-^1-^ 4}- 

*$<%f±t±. #7] Xl2 SHif^l ^51X1 71 ^ ^ ^Hl XU # 

^T^^M: XU #7i^<^nVol] ^-71 Xl2 1:^1-^ JHJ-f-g- ii#Al7l^ 

XU ^7) XU €-^1-^1 £HB #e)^5}-^8: 1l£ XU ^ 

^tr^. ^-71 XI 1 §i» €ein7> #51X1 71^; ^ Xl2 

^aj-tB}. ^v 7 i ^2 ^Ti^^sj-i- sflE^^H A o v 7l X| l ^ ii#^l7l 
^ XI 2 €-^#4 ^7l Xl2 ^*°1 t$s$Q yV £ ^j 7 ]^ofl 

<18> a. i^o] H>^-3j^- ^Aj^ofl ^1^, #71 X12 ^it i^f^ 7^fe 

AsH 3 ^ PH 3 ^°1M ^ffl=l 7>^<y 3^}^, #71 X]2 515L 

B #sl^^^o_S. <?] (phosphorus) ^ «1 M Arsenic)^ Ik-Sr Xl2 ^ 

<19> SL*V ^- ^^o^ ^AHjofl o^}^, ^7l XI 2 *£*3 ^i-fr £^"*Rr 7>^ 

*1 ^^^-(In-situ)^. ^SRr ?A°} 3^*H, A o V 7l AsH 3 2^ PH 3 7^* ^el^ S£ 
^ 400-800 °C ^£1^1, 6 X 10" 2 - 6 X 10~ 4 torr^l ^tH^^^-S, 30-180 2^2) 

21-7 



1020020081741 #^ 2003/4/22 

< 20 > yHgofl 4^, ^e)^^- a}-§-*>o| ^4*>fe ^rS-^ll ^>21 aj|2:^H 

X^l =sl #^f-(pre-flowHl ^tb ^ ^(delta doping)* 
^ 1*1 s] ^^HH ^(epi)^ tj^Ul^ojsL ^l#° r ^#^%v* 7 fl^ 

<21> 0]*}, #2:SH ^3 «>^tb ^aHII- #xfl*i ^^*>7ls 

cf. ^M-, 71]a1£]^ ^A]^l^ ^. ^g^fe- ^p)7|- 

# ^ <83M ^Mlfe ^S^-g- 7l*>7] *r 
^ojcf. *H-<2} ^ #*Hfe €A<H1 nj-ef cfs. ^o] ^ 7 \s. 7fl7M ^ 

<22> 3E. i^. ^ ^^^ 7 ] ^ £ a1*V aV£*fl ^7>}o] TEGCTest Element Group) 

<23> £ i-g. %^}^, *fll a>H^ 7] #(100), <^}^ p ^ aV^^l 7]^ TEG 

<3<*ofl XI 2 ^#(110)^1 n^ SHlV^ ^^W. 311^ °| 

* ^l-S-^H aV^^l 71^(100) $H f^<3^-(120)# ^^*Vcf. 7fl#S)H s$ 7 ] 
#^^^^(120)# tfflE^sH ^'A A2 SHVfKiio) ojjf* iL#Al7l^ €-^1- 

* °H*1 ££H #^^^€-^-3. 140)1- 
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<24> # 7 ] ^eh l-e]zL(i30)^ afli TEG 3fl€(140A)^r, wl-^tr ^1 

<^H1 ^2 ^-fr S^fe 7>i c^mcfl AsH 3 ^ PH 3 7^i# Hs] 

#-¥-(pre-flow)*H W <3^(101)# i£*| ^ W^f. #71 He] 2:££r, 
400-800°C ^:JE«>fl^, 6 X 10~ 2 - 6 X HT 4 torr^l ^tH^^S, 30-180 ^ Al^oj. 
*l«8SHr ^^m. tl(P) ^ «ldi(As)^ ^ ^12 ^4i7> £ 

£HB «-e}^e]^i- A r -8-*M ^v 7 l *fl-Hr €^ 1-3 ^(130)1- 

^^4. °H #7] ^ ^ #&|n(l30)S] 3-S£r ^ «}J£^1 ^1^1 ^ 

( chamber o] Al|f-(in-situ)5. ^*Kr aj^r^r. 

<25> Til^^Ai ^ ^ #5.^(130) $H El^(Ti)^ ol-g-^- ^ p| 3^ ) 3). ^ 

E]E]-^-(TiN))# ^1 -§-*!: ^ ^(barrier layer, nl^Al)^. ^^tr^f. -#7] * # 

^€ M 1-^11(130) $H *gi3M: ^flli *r^r *fll TEG 2fl^(140A)# 

<26> o)o^^ Aj-7] M ^e^dso)^ <£^Q *fl 2 TEG sfl^CMOBH^ ^5fl 7]^<$ ^ 

-i: ^, #71 €-^*°fl ^ *l]2 ^-^(110)^1 Tfl^^e], ofl 

^cfl AH 3 ^l(P) ^ til^(As)^ ^2 lr^-§-^ Q±7\ 

£SH #B]^£]^§- A>-g-^ #71 ^fl-f^r M #5iZL(130)# 

r4. Tfl^lH Aj-7] ^ e ^( 130) ^ofl ^Ef^-(Ti)* o]-g-*r 

^e}^ ol-g-*!- ^^(barrier layer, ^lSA])^ ^ #^o] 

M ^ein(130) $H ^IIS * r fe ^12 TEG ^(UOB)^ ^^W. 
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<28> s. 2* zj-z^ TEG sfl^^ «a^l^l^r(CD: Critical Dimension) & 

3. *I(140B)£: #afl 7l^ofl cq*fl ^.hh ^eiZLl- 7 >3 
-v-3. ^(140A)£r -g- nJ-Bj- HBl t-¥-(pre-flow)* -?iHtr ^-f^ 

^ 7>5l^l4. ZLeflHl- S^*}^ TEG sfl€^ «y7fl*l^(CDH| ^fz> 
3 ^*r7r SUi^t ^Itr ^4-(140A)7> ^Efl 7l#^ 3-f(140B)iLt} ^S}7H 

^#7^Vo] ^-o};*l ^-t- ^-ol^ ^ olcf. 

<29> TEG sfl^fil <y^l^^ 7 |- HOnm ^-f 4)^- <4-E *fU TEG sfl^(i40A)^ 

^^fl 7l#ofl <sj^. *fl 2 TEG 3flia(140B)Sr h]3E*>^ 20% 7fl^^ ?H ^-<?l£]& 

4. °1^ — Si *ll2 S^Kr 7>^7> ^12 1:^1- 
% 2o]s J£^§ (delta doping)^ H2]tf ^UOD-g- 7 A 
°1 7fl^Sl ^o]o.S. #7} ^ »^ ^^(lOD^r ^* ^*(| 
^>ji ^ £*)eH oflji](epi)^ 7fl^^ Tfl-id^. 

<30> ^Al<^l 

<31> 3E. 3^- ig-^o] ^ ^A]^^- ^^}7) tiVS^fl ^7>^ cf^£o]cf. 

< 32 > £ 3 -g- ^is}^, <^l^rfl p ^ til^^l 71^(200)^1 «o Vl ?Hl trfer 

^r^^^l 5^1)^8: ^^*>al, TIME 5fl^(222)* ^tr*}. ^7l TlMs 
(222)^ 711 olH ^^-(228), TlHB ^ ^£^(226) ^ ^ ^(capping layer, 224)^ 

5. ois.ol^l^ ) ^d\] ^ cf^tb ^^flS ^4. #71 TflolH sfl€(222)^r 
ol^oj u>^3.^ o]^^og ^^.g- ^l^s>^ ^1-71 TflolH Sim (222) 51 #51*11 7l 
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1020020081741 ^7}: 2003/4/22 

^(200) S.&°\] 7\}2 1:^1-^, <^l^tfl n ^ ^^-(210)4: ^W". #7} A2 
3KF§K210)£r NMOS B^!*]^^ i^^/JEL^ <geH Sfl^t}. 
<33> o]o]*\ ^-71 TllolH 3fl^(222)o] Hl-S^l 7)^(200) $H ^#^^(220)^: 

^^}JL ofl^a^( etch back ) 2§E3-^j.(CMP: Chemical Mechanical 

Polishing) *l*8*H 3l^r*lH #7l TlHB ^£(222)^- °l-§-*l- 

^ 7>7l^t «o v ^(Self aligned type)iL£. ^e^^ #7} ^2 

SH+#(210) ^#*Rr €-^*(SAC)-i: # 7 1 ^*£r *M3^ 

<34> ^-71 «V£3l 7]#(200)-|- *m ^7} ##£KLPCVD: Low Pressure 

Chemical Vapor Deposition) ^JI B^ ^trt}. #7} # 

^ 7}^ A2 i^Rr 7}+S.*\ AsH 3 -& A>-g-s>Jl, B^#^ 

610°C £r£°lH, 6 X IO- 3 torr^l ^t^^S, 60s ^*3*r$|tf. 3l^r«fl>H ^ 

^*HH ^l^]^(in-situ)S ul^(As)7}- £5B #e}^e^# a}-§-*H €^ « 

sin (230)1- ^^W. 

<35> si*. ^rgoj] o^^V Hsl ^-8: ^l^tr NMOS B^*l^^ i£ ^(On 

current) 2} 4i_2.^/H.3l °i 4^*H ^sfl ^l^l oj.^. H^fl^i 

tfS) i£ ^(On current) ^ «lm*]- ^^H*}. 

<36> [S. 1] 





■a- ^ 


7|ifr 




(on current) 


8.44E6 [A] 


5.49E6 [A] 


54% 


(Resi stance) 


3600 [£] 


3980 [ Q, ] 


10% 
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< 37 > S. i-g. ^S*>^ , NMOS H^l^i^ ^2.^^ (On current) 

^Efl 7l#2|- HlJESH 54%£l 7fl^ol ol^JL, ^J$.i/JE. 511^ <3<*MHo] ^aj^g. 
9j= 10%^ 7fl^ol Jfrol^ ^ olcf. 

<38> ^j|2 ^^Hl 

< 39 > £. 4^b XI 2 -S^H* ^^^ 7 ] <^ ay^j ^£o]cf. 

< 40 > XU 4»*H°IHfe- ^el^o.S € 71^4 ££1 #£l^el€- 

£5S #s]^5l^o.S ^ XU ^ l-sin(330)^ £HS ^ XI 2 

<4i> 4# ^^US, XII «KEXl 71^(300)^1 ^>^-e)^(302)^- >§£)th=r. 

#7l tiV£*fl 7^(300) $H TflolH ^(328), XMH ^«g^-(326) ^ 

(324)0.3. °1^-<X*1 4^7flSl TflolH 3flEi(322)# ^*U}. . o]6]X\ *fr 7 ] XHH sflU 
(322)^- °]-&^<U 4i3S XI 2 lr£-§-^ SKr^l^l ) , 4i^^/=efl<y ^<^# 

*V£Xl 7] #(300) S^ofl ^^trCf. 

<42> Xl^lH, -*7l tiVEXl 71^(300) fl* f-g-tr ii^r XU f^Hi^^O)* 

^^"tr * WSrW. ^-71 XU ##^"3 «K320)°1|'X|iH #71 XI 2 

^KH^ i^#Al7l^ XI 1 #71 XU ^#^1 XU ^ 

#ein(330)l- ^trt}. #7] XU ^ €^(330)^r w]^(As)^ X|2 #^1-^ 
€4i7> SSgQ £5B #^^El^-o] 53 o] ^^U}. tiVEXl XlS-Bl ^7><y ^-f 
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#7] afil M #5^1(330)71- ^€ #51*11 71* $H 5l-^l(ol£Al)4 ^ 

<43> ^-71 *)U SH» ^EiZL(330)7l- 7l*(300) 4|2 #?>^ 

^^•(350)* ^3-*W ItW. ^"71 >fl2 ^^^^-(350)^- 3flel^*H #7] afll 

#&|ZL(330)1- 7^ *ll2 ^-M- ^tb^. #71 *fl2 ^«-°l 

*fl 7l*(300)ofl tfi«H « si f-^ ^IHW. # #7l ^12 ^€ *K£ 

*11 7l*(300)-i: 7-1 <£ Sj-4}-7l^-^3l-(LPCVD: Low Pressure Chemical Vapor Deposition) ^ 
til^i ^tiis (loading) °H Hsl 7>^ *j)2 ^^1- 5L^Rr 

7>^S.Ai AsH 3 l- a>-§-^, HSll-^ S7i£r 610°C £rS>IM , 6 X 10" 3 torr^l 
<LS., 60i ^*3tr4. 4^, ^"71 afll ^ 1-^zl(330)S1 S^l Hel <3 
^(301)^- ^*r4. 3l^*lW ^ ^^(in-sitiOS «l^(As)7> £ 

HB #sl^el$* a>-8-«M ^12 ^ #3^(360)* ^ W. 
<44> a. ^7ltr ^aHHI ^sjx] &_o^, -a ^tr 7l#3 

t£ «.o>^ ^.Aj-o] 7 \Q 7H1 3*1) ^ £*§°1 7}^o) *$^t±. 

141 

<45> nJ-eM, ##tr ^^8: *>-§-*H ^^Rr 4i 

7>^1 ^llS^-^^Ai, S^^l 5.S1 #^-(pre-flowHl Sltr <££r ^(delta 

doping)^- ^ 1*1 3 ^«*H °1|3iKepi)<sl *fl^#-fr ^A]ag o.s^ 
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1] 

*Hl 7l$i *fl2 1:^1-^ $^«Hr 

^•7] *fl2 ^r£^l ^ ^Hl ^^^M- 

#71 f^g^-fr ^71 *fl2 Sj-^V^-i- &«|** 

A oM tii-s.^ ^2 i^-s-f^- 7>i# ^e)^ 

2] 

*Hl^l 
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4] 

#7] *fl2 if-SHr 7}>ife AsH 3 «J PH 3 §>i4^ 7 y 

5] 

6] 

#7l £5B t-^em^r A2 %i^7\ 5L*g& ^-g- ^iL5L 

7] 

#7l *fl2 €^ 31 (phosphorus) ^ til^(Arsenic) f^l cj- 

8] 
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[$^8" 9] 

^7} AsH 3 PH 3 7}if ^5]^ 400~800°C ^*Hr ^ 

10] 

^7] AsH 3 PH 3 7}^m ^s]^ 6 X lO- 2 ~ 6 X IO- 4 torr^ °- 

111 

#7} AsH 3 HLfe PH 3 7^1- ^s]^ 30-180 ^[sec]^°J: Sl^Rr ^ 

12] 

*fll £5.*fl 71^-ofl ^2 £K>f^ *g^*Kr 

^-71 ^2 1:^1-^ ^€ ^£^1] 71^:^ ^ ^Hl ^1 f-^r^^^# 
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#7l *Hl ^^^^-ofl #7l A2 ^%~2r i^Mfe $# 

*3 ; 

#7] £EH #£l^^^ *fll ^ ^#*Kr 

-SM *fll §^ #eiZL7> tesfl 71^ #41 *l)2 f^M^-l: #^>^ 

#7l *fl2 #*H3<3sb8r sflE^^H #71 afll ^Hfl fe^f tfAlfl^ ^2 
*§#*Hr 

#71 *fl2 ^*°1 ^5^1 71^1 *fl2 1-^1:^ 7>^» # 

#7l ^2 ^2 ^ ^#*Hr ^«l*Rr 3* ^^-S *V 

^el^ 3 7fl^«J- ^ ol^ Sh£*ll ^7> ^#«^. 

I^T 1 * 13] 

*I] 12*41 &<*M ( 

#71 *fl2 5L**}tt 7>i^ AsH 3 £ PH 3 #41*1 ^q-o] 7} 

^91 ^-i- ^-^^-S. *Hr 3#*l** 7fl^«" *r SJlfe- #H*f| «§#*fl. 

[3^* 14] 

21112*41 sa^h, 

#7l 7^12 S.5E.H S3 ^3^1 ^.2.3. ^ ^#*i* 

* 7fl^* ^ flfe «KE*I1 ^7} ^#**g. 
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15] 

*\}U*M Si*]*], 

^7} ££B ^^el^r *fl2 ^7} 3E*g€ ^SLS. ^ 

16] 

^7] z\}2 91 (Phosphorus) ^ «1 ^i(Arsenic) f^l *r 

17] 

18] 

#7] AsH 3 5E^r PH 3 7|-i-i- ^E)^- 2i££r 400-800 °C ^r£^]^ ^1«J*>^ 
19] 
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^7} AsH 3 PH 3 7>i» 2:#£r 6 X 10-2 - 6 X 10" 4 torr^l °- 

20] 

^•71 AsH 3 SEfe PH 3 7}if S££r 30-180 2: [sec ]-§•<£ *l^Hf ^ 
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[51 1] 



140A 



HOB 




[5L 2] 



9000 h 
. 8000 
^ 7000 
V 6000 

CD 
O 

c 

-§ 5000 

"to 

^ 4000 
3000 



• 140B 




0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 
TEG CD 



[5L 3] 



220 

p24 
222-^ 226 
1.228- 
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230 
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-220 



•210 
-200 
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